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APPARATUS FOR RADIALLY EXPANDING TUBULAR MEMBERS INCLUDING A SEGMENTED 
EXPANSION CONE 

Background 

5 This appUcation claims the benefit of the earUer filed provisional application Serial No. 60/313,453, 

filed August 20, 2001, attorney docket no. 25791.59, the disclosure of which is incorporated by reference. 

This appUcation is related to Ihe following: (1) U.S. patent appUcation serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent appUcation serial no. 09/510,913. attorney docket 
no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent appUcation serial no. 09/502,350, attorney docket no. 
10 25791 .8.02, filed on 2/10/2000, (4) U.S. patent appUcation serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 
2579 1.11 .02, filed on 3/1 0/2000, (6) U.S. patent application serial no. 09/5 12,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
1 5 25791 . 17.02, filed on 6/7/2000, (9) U.S. patent appUcation serial no. 09/559, 122, attorney docket no. 

25791J23.02, filed on 4/26/2000, (10) PCT patent appUcation serial na PCT/USOO/18635, attorney docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791 J27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent appUcation serial no. 60/159,082, attorney docket 
20 no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165.228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent application serial 
25 no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent appUcation serial 
no. 60/233.638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application serial 
no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent appUcation serial 
no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001; (23) U.S. provisional patent appUcation serial 
30 no. 60/262.434, attorney docket no. 25791.51. filed on 1/17/2001; (24) U.S, provisional patent appUcation serial 
no. 60/259.486. attorney docket no. 25791.52, filed on 1/3/2001; and (25) U.S. provisional patent appUcation 
serial no. 60/303.740. attorney docket no. 25791.61, filed on 7/6/2001, the disclosures of which are incorporated 
herein by reference. 

Background of the Invention 
3 5 This mvention relates gen«aally to weUbore casings, and in particular to wellbore casings that are 

formed using expandable tubing. 

Brief Description of the Drawings 
Figs, la-lh are fragmentary cross-sectional illustrations of an embodiment of the placement of an 
apparatus for radiaUy expandmg a tubular member within a borehole within a subterranean formation. 
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Fig. 2 is a fragmentery cross-sectional illustration of the injection of a hardenable fluidic sealing 
material into the apparatus of Figs, la-lh. 

Fig. 3 is a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after injecting a fluidic 
material into the apparatus and seating a dart in the tubular dart seat 
5 Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after continuing to inject a 

flmdic material into the apparatus thereby axially displacing the tension sleeve and thereby creating a segmented 
expansion cone for plastically deforming and radiaUy expanding the expandable tubular member using the 
expansion segments. 

Fig. 5 is a fragmentary cross-sectional Ulustration of the apparatus of Fig. 4 after continuing to inject a 
) fluidic material into the apparatus thereby displacing the tubular locking sleeve from engagement with the 
locking member of the tubular locking collet. 

Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after continuing to inject a 
fluid.c material into the apparatus thereby displacing the tubular support members, the tubular locking collet, the 
tubular locking sleeve, and the tubular tension sleeve upwardly in the axial direction thereby further plasticaUy 
deformmg and radially expanding the expandable tubular member. 

Fig. 7 is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 after continuing to mject a 
fluidic material into the apparatus thereby contmuing to displace the tubular support membe,,. the tubular 
locking coUet. the tubular locking sleeve, and the tubular tension sleeve upwardly in the axial direction thereby 
finther plastically defonning and radially expanding the expandable tubular member. 

Detailed Description of the Illustrative Embodiments 
. Referring initiaUy to Figs. la-Ih. an embodiment of an apparatus and method for radiaUy expanding a 
tubular member will now be described. As iUustrated in Figs, la-lh. a wellbore 10 is positioned in a 
subterranean formation 15. 

An apparatus 1 00 fi,r radially expanding a tubular member may then be positioned within the wellbore 
lOthatincludesatubularsupportmember 105 that definesapassage 105a. An end of the tubular support 
member 105 is coupled to an end of a tubular support member 110 that defines a passage 1 10a, a plurality of 
spaced apart radial passages 1 10b, 1 10c, and 1 lOd. and includes a pluiality of spaced apart internal flanges 
1 lOe, 1 lOf, 1 lOg, and lOOh that are interleaved among the radial passages. The spaced apart radial passages 
110b, HOC. and llOd may each includeapluralityofradial passages distributed around the tubular support 
member 1 10 in the circumferential direction. Another end of the tubular support member 1 10 is coupled to an 
end of a tabular support member 1 1 5 that defines a passage 1 1 5a and includes a centrally positioned recessed 
portion 115b. 

An end of a tubular support member 120 is coupled to another end of the tubular support member 1 15 
that defines a passage 120a and a plurality of longitudinal slots 120ba. 120bb. 120bc, 120bd, 120be and 120b^ 
and includes a plurality of internal arcuate expansion cone segments 120ca, 120cb. 120cc, 120cd, ]20ce, and 
120cf. The expansion cone segments, 120ca. 120cb, 120cc. 120cd. 120ce. and 120cf extend inwardly from the 
tubular support member 120 in the radial direction and include: (a) arcuate cylmdrical segment end feces, 
120caa, 210cba. 120cca, 120cda. I20cea. and 120cfe, that are substantiaDy parallel to the longitudinal axis of 
the tubular support member, (b) upper inclined trapezoidal feces, 120cab. 120cbb. 120ccb, 120cdb. 120ceb and 
120cfb. that extend upwardly from ti.e upper ends of the corresponding end feces to the tubular support member 
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(c) lower inclined trapezoidal feces, 120cac, 120cbc, I20ccc, 120cdc, 120cec, and 120cfc, that extend 
downwardly from the lower ends of the corresponding end feces to the tubular support member, (d) side 
trapezoidal feces, 120cad, 120cbd, 120ccd, 120cdd, 120ced, and 120cfd, that extend from the sides of the 
corresponding end faces to the tubular support member, and (3) side trapezoidal feces, 120cae, 120cbe, 120cce, 
5 120cde, 120cee, and 120cfe, that extend from the other sides of the corresponding end feces to tiie tubular 

support member. In an exemplary embodiment, the angle between the upper inclined trapezoidal feces, 120cab, 
120cbb, 120ccb, 120cdb, 120ceb, and 120cfb, and the longitudinal direction is greater than the angle between 
the lower inclined trapezoidal faces, 120cac, 120cbc, 120ccc, 120cdc, 120cec, and 120cfc, and die longitudinal 
direction, respectively, in order to optimally provide radial expansion of tiie expansion cone segments. In an 

10 exemplary embodiment, the side faces, 120cae and 120cbd, 120cbe and 120ccd, 120cce and 120cdd, 120cde and 
120ced, 120cee and I20cfd, and 120cfe and 120cad are substantially parallel in order to optimally provide a 
substantially continuous outer surface after the radial expansion of the expansion cone segments 120ca, 120cb, 
120cc, 120cd, 120ce, and 120cf. 

An end of a tubular locking collet 125 is coupled to the other end of the other end of the tubular support 

1 5 member 120 that defines a passage 125a and includes a plurality of resilient locking collet members 125b. A 
tubular retaining member 130 that defines a passage 130a includes an internal recessed portion 130b at an end 
that is adapted to mate with and receive at least a portion of the locking collet members 125b of the tubular 
locking collet 125. Another end of the tubular retaining member 130 is coupled to an end of a shoe 135 that 
defines a passage 135a and an internal recess 135b and includes a conventional float valve 135c at an opposite 

20 end that permits fluids to be exhausted from the passage 135a outside of the apparatus 100 but prevents the flow 
of fluids into the passage and inside the apparatus. 

A tubular dart seat 140 that defines a passage 140a and includes a recessed portion 140b is received 
within the passage 135a of the shoe 135 and is releasably coupled to the shoe by shear pins 145a and 145b. A 
tubular locking sleeve 150 that defines a passage 150a includes a locking member 150b that is received within 

25 and mates with the recesses, 135b and 140b, of the shoe 135 and dart seat 140, respectively, a conical locking 
flange 1 50c that locks the locking collet members 125b of the tubular locking collet 125 within the recessed 
portion 130b of the tubular retaining member 130, and an external flange 1 50d. 

A tubular tension sleeve 155 is received within die tubular support members 1 10, 1 15, and 120, and the 
tabular locking collet 125 that defines a longitadinal passage 155a and longitadinally spaced radial passages 

30 1 55b, 1 55c, and 1 55d includes a recessed portion 1 55e for movably receiving an end of the tabular locking 
sleeve 150, an internal flange 155f for engaging the external flange ISOd of the tabular locking sleeve, an 
external flange 155g having a recessed portion ISSga, and longitadinally spaced apart external flanges ISSh, 
155i, and 155j. In an exemplary embodiment, each of the radial passages lS5b, ISSc, and lS5d mclude a 
plurality of circumferentially spaced apart radial passages. In an exemplary embodiment, the external flanges 

35 155h, 155i, and 155j are interleaved with the radial passages 155b, 155c, and 155d. In an exemplary 

embodiment, the external flanges ISSh, 1551, and lS5j are also int^-leaved wifli the internal flanges, llOe, 110^ 
1 lOg, and 1 1 Oh of the tabular support member 1 10. In this manner, the internal flanges 1 lOe, 1 10^ 1 lOg, and 
1 lOh of the tabular support member 1 10 and the extemal flanges 155h, I55i, and I55j of the tubular tension 
sleeve 155 define annular chambers 160a, 160b, 160c, 160d, 160e, and 160f. 
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A tubular internal expansion cone 165 is received within and coupled to the recessed portion 155ga of 
the external flange 155g of the tubular tension sleeve 155. Cup seals 170a and 170b are coupled to the exterior 
of the recessed portion 115b of the tubular support member 1 15. An end of an expandable tubular member 175 
is coupled to the shoe 135 for receiving the tubular support members 105, 1 10, 1 15, 120, and the tubular locking 
collet 125. The annulus between the tubular support member 115 and the expandable tubular member 175 is 
fluidicly sealed by the cup seals, 170a and 170b. 

As illustrated in Figs. 1 a-lh, the apparatus 1 00 is initiaJly positioned within the wellbore 10 within the 
subterranean formation 15. The wellbore 10 may be vertical, horizontal, or any orientation in between. 
Furthermore, the wellbore 1 0 may be a tunnel for receiving a pipeline or a borehole for receiving a structural 
support In addition, the wellbore 10 may include a preexisting wellbore casing. 

As illustrated in Fig. 2, a hardenable fluidic sealing material 200 may then be injected into flie 
apparatus 1 00 through the passages 105a, 110a, 155a, 150a, 140a. and 135a out of the float valve 135c into the 
annulus between the expandable tubular member 175 and the mterior surface of the wellbore 10. In this 
manner, an annular layer of a sealing material may be formed around the expandable tubular member 175. In 
several alternative embodiments, the annular layer of the fluidic sealing material mky be cured before or after 
radially expanding the expandable tubular member 175. 

As illustrated m Fig. 3, a fluidic material 205 may be injected into the apparatus 100 through the 
passages 105a, 110a, 155a, 150a, 140a, and 135a. A conventional dart210maythen be seated within the 
tubular dart seat 140 by introducing the dart into the injected fluidic material 205. Continued injection of the 
fluidic material 205 may then pressurize the passages 105a, 110a, and 155a thereby increasing the operating 
pressure in the passages and applying an axial downward force to the dart 210. As a result, the shear pins 145a 
and 145b may be sheared and the tubular dart seat 140 and the dart 2 1 0 may shift downward towards the float 
valve 135c. As a result, the locking member I50b of the tubular locking sleeve 150 may no longer be locked 
into the recess 135b of the shoe 135 by the tubular dart seat 140. 

As iUustrated in Fig. 4, continued injection of the fluidic material 205 may pressurize the passages 
105a, 110a, and 155a thereby pressurizing and expanding the annular pressure chambers, 160a, 160c, and 160e. 
As a result, the tubular tension sleeve 155 may be displaced in the upward axial direction thereby driving the 
tubular internal expansion cone 165 into contact with the lower inclined trapezoidal faces 120cac, 120cbc, 
1200CC. 120cdc. 120cec, and 120cfc of the expansion cone segments 120ca, 120cb, 120cc. 120cd, 120ce, and 
120c^ respectively, of the tubular support member 120. As a result, the expansion cone segments I20ca, 120cb, 
120CC. 120cd, 120ce, and 120cf of the tubular support member 120 are driven outwardly in the radial direction ' 
and the expandable tubular member 175 is thereby radially e3q>anded and plastically deformed. In this manner, 
a segmented expansion cone for plasticaUy deformmg and radially expanding the expandable tubular member ' 
175 may be formed within the wellbore 10 that includes the radially expanded expansion cone segments 
expansion cone segments 120ca, 120cb. 120cc. 120cd. 120ce. and 120cf of the tubular support member 120. 

As iUustrated in Fig. 5, contmued injection of the fluidic material 205 may fiirther pressurize the 
passages 105a. 110a. and 155a. thereby further pressurizmg and e^anding the annular pressure chambers. 160a, 
160c, and 160e. As a result, the tubular tension sleeve 155 may be fiirther displaced in the upward axial 
direction thereby causing the internal flange 155f of the tabular tension sleeve to engage the external flange 
150d of the tubular locking sleeve 150. As a result, the tubular locking sleeve 150 may be upwardly displaced 
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in the axial direction thereby releasing the conical locking flange 150c of the tubular locking sleeve from 
engagement with the locking collet members 125b of the tubular locking collet 125. As a result, the locking 
collet members 125b of the tubular locking collet 125 may be disengaged from the recessed portion 130b of the 
tubular retainmg member 130. At this point the tubular locking coUet 125 and the tubular locking sleeve 150 
5 are no longer engaged with the tubular retaining member 130 and the shoe 135. 

As illustrated in Fig. 6, continued injection of the fluidic material 205 may further pressurize the 
passagesl05a, 110a. and 155a. As a result, the tubular support members 105, 110, 115, and 120. the tubular 
locking collet 125, the tubular locking sleeve 150, and the tubular tension sleeve 155 may be displaced upwardly 
in the axial direction thereby further plastically deforming and radially expanding the expandable tubular 
10 member 175. 

As iUustrated in Fig. 7, continued injection of the fluidic material 205 may further pressurize the 
passages 105a, 1 10a, and 155a. As a result, the tubular support members 105, 1 10, 1 15, and 120, the tubular 
locking collet 125, the tubular locking sleeve 150, and the tubular tension sleeve 155 may be further displaced 
upwardly in the axial direction thereby fiirther plastically deforming and radially expanding the expandable 
1 5 tubular member 175. Furdieimore, during the continued injection of the fluidic material 205, an annular region 
215 between the tubular support member 120 and the expandable tubular member 175 below the sealing cups, 
170a and 170b, may be pressurized thereby facilitating the upward axial displacement of the tubular support 
members 105, 110. 115, and 120, the tubular locking collet 125, the tubular locking sleeve 150. and the tubular 
tension sleeve 155. 

20 In several alternative embodiments, the design and operation of the apparatus 100 is further provided 

substantially as disclosed in one or more of the foUowing: (1) U.S. patent application serial no. 09/454,139, 
attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney 
docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 
25791.11.02, filed on 3/10/2000, (6) U.S. patent appUcation serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
30 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671. attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082. attorney docket 
no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
35 docket no. 25791 .36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent appUcation serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent appUcation serial no. 
60/165,228, attorney docket no. 25791 J9. filed on 11/12/1999, (18) U.S. provisional patent appUcation serial 
no. 60/221,443. attorney docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial 
40 no. 60/221,645, attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent appUcation serial 
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no. 60/233,638. attorney docket no. 25791.47. filed on 9/1 8/2000. (21) U.S. provisional patent application serial 
no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270.007, attorney docket no. 25791.50. filed on 2/20/2001; (23) U.S. provisional patent application serial 
no. 60/262,434, atton^ey docket no. 25791.51. filed on 1/17/2001; (24) U.S. provisional patent application serial 
> no. 60/259,486, attorney docket no. 25791.52, filed on 1/3/2001; and (25) U.S. provisional patent application 
serial no. 60/303.740, attorney docket no. 25791.61. filed on 7/6/2001. the disclosures of which are incoT,orated 
herein by reference. 

In several alternative embodunents, the apparatus 1 00 may be operated for fonn or repair a wellbore 
casing, a pipeline, or a structural support 

An apparatus for foming a wellbore casing within a wellbore within a subterranean formation has been 
described that includes a tubular support member, an adjustable tubular expansion cone coupled to the tubular 
support member, an actuator coupled to the tubular support member for adjusting the size of the adjustable 
tubular expansion cone, a shoe releasably coupled to the adjustable tubular expansion cone, an expandable 
tubular member coupled to the shoe defining a longitudinal passage for receiving the tubular support member 
the adjustable tubular expansion cone, and the actuator, and one or more sealing members for sealing the 
mterface between the tubular support member and the expandable tubular member. In an exemplary 
embodiment, the adjustable tubular expansion cone includes a tubular body defining a plurality of longitudinal 
slots and comprising a plurality of internal arcuate expansion cone segments interieaved among the longitudinal 
slots. In an exemplary embodiment, the actuator mcludes a first tubular member coupled to Ihe tubular support 
member defining a plurality of first radial passage and including a plurality of interraal flanges interleaved 
among the first radial passages, a second tubular member received within the first tubular member defining a 
plurality of second radial passages interleaved among Ihe first radial passages and comprising a plurality of 
external flanges interleaved among the first and second radial passages and the internal flanges, and a tubular 
expansion cone coupled to the second tubular member for radially expanding the adjustable tubular expansion 
cone. 

A method of forming a weUbore casing within a wellbore within a subterranean formation has also 
been described that mcludes positioning an expandable tubular member and an adjustable tubular expansion 
cone withm the wellbore. increasing the size of the adjustable tubular expansion cone within the expandable 
tubular member, and plastically deforming and radially expanding the expandable tubular member using the 
adjustable tubular expansion cone. In an exemplary embodiment, the increasing the size of the adjustable 
tubular expansion cone within the expandable tubular member includes positioning a tubular segmented 
e^ansion cone within the expandable tubular member, positiomng a tubular e^ansion cone within the 
expandable tubular member, and displacing the tubular expansion cone relative to the tubular segmented 
expansion cone. 

An apparatus for forming a wellbore casing within a weUbore within a subterranean formation has also 
been descnbed that includes means for positioning an expandable tubular member and an adjustable tubular 
expansion cone within the wellbore. means for inciting the size of the adjustable tubular expansion cone 
wrthin the expandable tubular member, and means for plasticaUy deforcing and radially expanding the 
expandable tubular member using the adjustable tubular expansion cone. In an exemplary embodiment, the 
means for increasing the size of the adjustable tubular expansion cone within the expandable tubular member 
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includes means for positioning a tubular segmented expansion cone within the expandable tubular member, 
means for positioning a tubular expansion cone withm the expandable tubular member, and means for 
displacing Ihe tubular expansion cone relative to the tubular segmented expansion cone. 

An adjustable expansion cone for plasticaUy deforming and radially expanding a tubular member has 
also been described that includes an adjustable tubular expansion cone, and an actuator for adjusting the tubular 
adjustable expansion cone. In an exemplary embodiment, the adjustable tubular expansion cone includes a 
tubular body defining a pluraHty of longitudinal slots and comprising a plurality of internal arcuate conical 
expansion cone segments interleaved among the longitudinal slots. In an exemplary embodiment, the actuator 
includes a firet tubular member coupled to the adjustable tubular expansion cone defining a pluraUty of first 
radial passage and comprising a plurality of internal flanges interleaved among the first radial passages, a 
second tubular member received within the first tubular member defining a plurality of second radial passages 
interieaved among the first radial passages and comprising a pluraUty of external flanges interleaved among the 
first and second radial passages and tiie internal flanges, and a tubular expansion cone coupled to the second 
tubular member for radially expanding the tubular adjustable expansion cone. 

A method of plastically deforming and radially expanding a tubular member has also been described 
that includes positioning an adjustable tubular expansion cone within the tubular member, and increasing the 
size of the adjustable tubular expansion cone within the expandable tubular member. In an exemplary 
embodiment, increasing the size of the adjustable tubular expansion cone within the tubular member includes 
positioning a tubular segmented expansion cone within the tubular member, positioning a tubular expansion 
cone within the tubular member, and displacing the tubular expansion cone relative to the tubular segmented 
expansion cone. 

An apparatus for plastically deformmg and radially expanding a tubular member has also been 
described that includes means for positioning an adjustable tubular expansion cone within the tubular member, 
and means for increasing the size of the adjustable tubular expansion cone within tbe expandable tubular 
member. In an exemplary embodiment, the means for increasing the size of the adjustable tubular expansion 
cone within tbe tubular member includes means for positioning a tubular segmented expansion cone within the 
tubular member, means for positioning a tubular expansion cone withm the tubular member, and means for 
displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

A tubular member has also been described that includes a tubular body defining a plurality of 
longitudinal slots, and a plurality of arcuate internal flanges. Each flange includes an arcuate cylindrical 
se^ent end face, trapezoidal side feces, an upper inclined trapezoidal side fece, and a lower inclined 
trapezoidal side fece. 

It is understood that variations may be made in the foregoing without departing from the scope of the 
invention. For example, a conventional packer assembly may be substituted for the shoe 135. 

Although illustrative embodiments of the invention have been shown and described, a wide range of 
modification, changes and substitution is contemplated in the foregoing disclosure. In some instances, some 
features of the present invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and in a manner consistent with the 
scope of fee invention. 
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What is claimed is: 

1 1. An apparatus for forming a weUbore casing wthin a weUbore within a subtenaneanfomia^ 

2 comprising: 

3- a tubular stqjport member^ 

4 an adjustable tubular expansion cone coupled to the tubular support member; 

5 an actuator coupled to the tubular support member for adjusting the size of the adjustable tubular 

6 expansion cone; 

7 a shoe releasably coupled to the adjustable tubular expansion cone; 

8 an expandable tubular member coupled to the shoe defming a longitudinal passage for receiving the 

9 tubular support member, the adjustable tubular expansion cone, and the actuator; and 

0 one or more sealing members for sealing the interface between the tubular support member and tlie 

1 expandable tubular member. 



1 2. The apparatus of claim 1 , wherein the adjustable tubular expansion cone comprises: 

2 a tubular body defining a plurality of longitudinal slots and comprising a plurality of internal arcuate 



3 



expansion cone segments interleaved among the longitudinal slots. 



1 3. The apparatus of claim 1, wherein the actuator comprises: 

2 a &st tubular member coupled to the tubular support member defining a plurality of first radial passage 
and comprising a plurality of internal flanges interleaved among the first radial passages; 

a second tubular member received withm the first tubular member defining a plm^ity of second radial 
passages interleaved among the first radial passages and comprising a pluraUty of external f 
langes mterleaved among the first and second radial passages and the internal flanges; and 
a tubular expansion cone coupled to the second tobular member for radially expanding the adjilstable 
tubular expansion cone. 



1 4. A method of forming a wellbore casing within a wellboie within a subterranean formation, comprising: 

2 positioning an exijandable tubular member and an adjustable tubular expansion cone within the 

3 wellbore; 

4 increasing the size of the adjustable tubular expansion cone within the expandable tubular member, and 
plastically deforming and radially expanding the expandable tubular member using the adjustable ' 

tubular expansion cone. 



5 



1 5. The method of clahn 4, wherein increasing the size of the adjustable tubular e>q,ansion cone within the 

2 expandable tubular member comprises: 
positioning a tubular segmented expansion cone withm the expandable tubular member; 
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4 positioning a tubular expansion cone within the expandable tubular member, and 

5 displacing the tubular expansion cone relative to Uie tubular segmented expansion cone. 

1 6. An apparatus for fonning a wellbore casing within a wellbore within a subterranean formation, 

2 comprising: 

3 means for positioning an expandable tubular member and an adjustable tubular expansion cone within 

4 the wellbore; 

5 means for increasing the size of the adjustable tubular expansion cone within the expandable tubular 

6 member; and 

means for plastically deforming and radially expanding the expandable tubular member using the 
adjustable tubular expansion cone. 

17. The apparatus of claim 6, wherein the means for increasing the size of the adjustable tubular expansion 

2 cone within the expandable tubular member comprises: 

3 means for positioning a tubular segmented expansion cone within the expandable tubular member; 

4 means for positioning a tubular expansion cone within the expandable tubular member; and 

5 means for displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

18. An adjustable expansion cone for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 an adjustable tubular expansion cone; and 

4 an actuator for adjusting the tubular adjustable expansion cone. 

1 9. The adjustable expansion cone of claim 8, wherein the adjustable tubular expansion cone comprises: 

2 a tubular body defining a plurality of longitudinal slots and comprismg a plurality of internal arcuate 

3 conical expansion cone segments interleaved among the longitudinal slots. 

1 10. The adjustable expansion cone of claim 8, wherein the actuator comprises: 

2 a first tubular member coupled to the adjustable tubular expansion cone defining a plurality of first 

3 radial passage and comprising a plurality of internal flanges mterleaved among the first radial 

4 passages; 

5 a second tubular member received within the first tubular member defining a plurality of second radial 

6 passages interleaved among the first radial passages and comprising a plurality of external 

7 flanges interleaved among the first and second radial passages and the mtemal flanges; and 

8 a tubular expansion cone coupled to tiie second tubular member for radially expanding the tubular 

9 adjustable expansion cone. 

1 11. A method of plastically deforming and radially e>q>anding a tubular member, comprising: 

2 positioning an adjustable tubular expansion cone widiin the tubular member and 

3 increasing the size of Ae adjustable tubular expansion cone within the expandable tubular member. 

-9- 



JNSOOCID: <WO___03016669Aa_l_> 



wo 03/016669 



PCT/DS02/24399 



1 12. The method of claim 1 1, wiierein increasing the size of the adjustable tubular expansion cone within 

2 the tubular member comprises: 

3 positioning a tubular segmented expansion cone within the tubular memben 

4 positioning a tubular expansion cone within the tubular member; and 

5 displacing the tubular expansion cone relative to the tubular segmented expansion cone. 



An apparatus for plastically defonning and radially expanding a tubular member, comprising: 
means for positioning an adjustable tubular expansion cone within the tubular member, and 
means for increasing the size of the adjustable tubular expansion cone within the expandable tubular 



1 

2 
3 

4 member. 



1 14. 



The apparatus of claim 13, wherein the means for increasing the size of the adjustable tubular 

2 e^qsansion cone within the tubular member comprises: 

3 means for positioning a tubular segmented expansion cone within the tubular member, 

4 means for positioning a tubular expansion cone within the tubular member; and 

5 means for displacing the tubular expansion cone relative to the tubular segmented expansion co] 

1 15. A tubular member, comprising: 

2 a tubular body defining a plurality of longitudinal slots; and 

3 a plurality of arcuate internal flanges, each flange comprising: 

4 an arcuate cylindrical segment end fece; 

5 trapezoidal side faces; 

6 an upper inclined trapezoidal.side face; and 

7 a lower inclined trapezoidal side face. 

1 16. An apparatus for forming a wellbore casing within a weUbore within a subterranean formation, 
2 



3 a tubular support member; 

4 an adjustable tubular expansion cone coupled to the tubular support member, comprising: 

5 a tubular body defining a pluraUty of longitudinal slots and comprising a plurality of internal 

6 arcuate expansion cone segments interleaved among the longitudinal slots; 

7 an actuator coupled to the tubular support member fi>r adjusting the size of the adjustable tubular 
expansion cone, comprising: 

a first tubular member coupled to the tubular support member defining a plurality of first 

radial passage and comprising a plurality of internal flanges interleaved among tiie 



9 
10 

1 1 first radial passages; 

^ second tubular member received within the first tubular member defining a plurality of 



second radial passages interieaved among the first radial passages and comprising a 
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j4 pluraUty of external flanges interleaved among the first and second radial passages 

J 5 and the internal flanges; and 

J 5 a tubular expansion cone coupled to the second tubular member for radially expanding the 

adjustable tubular e>5)ansion cone; 

J g a shoe releasably coupled to the adjustable tubular expansion cone; 

1 9 an expandable tubular member coupled to the shoe defining a longitudinal passage for 

20 receiving the tubular support member, the adjustable tubular expansion cone, and the 

21 actuator; and 

22 one or more sealing members for sealing the interfece between the tubular support member 

23 and the expandable tubular member. 

1 17. A method of forming a wellbore casing within a wellbore within a subterranean formation, comprising: 

2 positioning an expandable tubular member and an adjustable tubular expansion cone within the 

3 wellbore; 

4 increasing the size of the adjustable tubular expansion cone within the expandable tubular member, 

5 comprising: 

6 positioning a tubular segmented expansion cone within the expandable tubular member; 

7 positioning a tubular expansion cone within the expandable tubular member; and 

8 displacing the tubular expansion cone relative to the tubular segmented expansion cone; and 

9 plastically deforming and radiaUy expanding the expandable tubular member using the adjustable tubular 
10 expansion cone. 

1 18. An apparatus for foraiing a wellbore casing within a wellbore within a subterranean formation, 

2 comprising: 

3 means for positioning an expandable tubular member and an adjustable tubular expansion cone withm 

4 the wellbore; 

5 means for increasing the size of the adjustable tubular expansion cone within ihe expandable tubular 

6 member, comprising: 

7 means for positioning a tubular segmented expansion cone withm the expandable tubular 
g member; 

9 means for positioning a tubular expansion cone within the expandable tubular member, and 

10 means for displacing the tubular expansion cone relative to the tubular segmented expansion 

1 1 cone; and 

12 means for plastically deforming and radiaUy expanding the expandable tixbular member using the 

1 3 adjustable tubular expansion cone. 

1 19. An adjustable expansion cone for plastically deforming and radially expanding a tubular member. 

2 comprising: 

3 an adjustable tubular e>q)ansion cone, comprising: 

4 a tubular body defining a pluraUty of longitudinal slots and comprising a plurality of internal 

-11- 



JK'SDOCID- <WO____03016669A2J_> 



wo 03/016669 

PCT/US02/24399 

arcuate conical expansion cone segments interleaved among the longitudinal slots; 
and 

an actuator for adjusting the tubular adjustable expansion cone, comprising: 

a first tubular member coupled to the adjustable tubular expansion cone defining a plurality of first 

radial passage and comprising a plurality of internal flanges interleaved among the finrt mdial 



i tubular member received within the first tubular member defining a plurality of second radial 
passages interleaved among the first radial passages and comprising a plurality of external 
flanges interleaved among the first and second radial passages and the internal flanges- and 

atubular expansion cone coupled to the second tubular member for radially expanding the tubular 

adjustable expansion cone. 

A method of plastically defonning and radially expanding a tubular member, comprising- 
positioning an adjustable tubular expansion cone within the tubular member; and 
increasing the size of the adjustable tubular expansion cone within the expan'dable tubular member, 
comprising: 

positioning a tubular segmented expansion cone within the tubular member; 

positioning a tubular expansion cone within tlie tubular memben and 

displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

An apparatus for plastically defonning and radially expanding a tubular member, comprism.- 
means for positioning an adjustable tubular expansion cone within the tubular member and " 
means for increasing the size of the adjustable tubular expansion cone within the expandable tubular 
member, comprising: 

means for positioning a tubular segmented expansion cone within the tubular member- 
means for positioning a tubular expansion cone within the tubular member; and 
means for displacing the tubular expansion cone relative to the tubular segmented expansion 



-12- 



wo 03/016669 



PCT/US02/24399 



105- 



110b- 



110c - 



llOd- 



1/14 



115- 



3^ 



120bf- 
120be- 
120bd- 



10 



125- 



Fig. la 



N3D0CID: <WO__03016669A2J_> 



wo 03/016669 



PCT/US02/24399 



2/14 




OOaO-. <WO___03016669A2_L> 



wo 03/016669 



PCT/DS02/24399 




Fig. 1c 



wo 03/016669 



PCT/US02/24399 



4/14 




Fig. Id 



wo 03/016669 



PCTAJS02/24399 



5/14 




Fig. 1e 



wo 03/016669 



PCT/US02/24399 



6/14 




Fig. 1f 



>OCID:<W0 03016669A2 I > 



wo 03/016669 



PCT/US02/24399 




wo 03/016669 



PCT/US02/24399 



8/14 



120 



120ba 



120cf 



Fig. 1h 




120cad 



120cfd 



120cae 120cbe I20cce 120cde 120cee 



XWID: <WO__03016669AS_L> 



wo 03/016669 



PCT/US02/24399 



9/14 




JNSDOaO: <WO__03016669A?_I_> 



wo 03/016669 

PCT/US02/24399 




*OCIO: <WO ^03016669A2J_> 



wo 03/016669 



PCT/US02/24399 



11/14 




Fig. 4 



JNSDOaD: <WO____03016669A2J_> 



wo 03/016669 



PCT/US02/24399 



12/14 




wo 03/016669 



PCT/US02/24399 




03016669A?_L> 



wo 03/016669 



PCT/US02/24399 




JDOCfD: «W0 ^03016669A2_I_> 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY CPCT, 



(19) World InteDectual Property 
Organization 
International Bureau 

(43) Internationa] Publication Date 
27 February 2003 (27.02^03) 




PCX 



lllllliilliiiillllilliillliliiiitillii 



(10) International Publication Number 

WO 2003/016669 A3 



(51) International Patent ClasdCcatlon': E21B 19/16, 

43/00 

(21) Intemadonal Application Number: 

^ ' PCTAJS2002/024399 

(22) International Filing Date: 1 August 2002 (01.08.2002) 

(25) Filing Language: English 

(26) PubBcation Language: English 



(30) Priority Data: 
60/313,453 



20 August 2001 (20.08.2001) 



US 



(71) Applicant (for all designaied States except US): EVEN- 
TURE GLOBAL TECHNOLOGY [US/US]; 16200 A 
Park Row, Houston, TX 77084 (US). 

; (72) Inventors; and 

= (75) Inventors/Applicants (for US only): WATSON, Brock, 



Wayne [USAJS]; 2535 Marsh Lane #1004, Cairollion, 
TX 75006 (US). RING, Lev [RU/US]; 14126 Heatherhill 
Place, Houston, TX 77077 (US). BRISCO, David, Paul 
[US/US]; 405 Westridge Drive, Duncan, OK 73533 (US). 
(74) Agents: MATTINGLY, Todd et al.; Haynes and Boone, 
LLP, Suite 4300, 1000 Louisiana Street, Houston, TX 
77002-5012 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY. BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK LR LS LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX MZ, NO, NZ, PL, FT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ UA, UG, US, UZ, VN, W, ZA, 
ZW. 

(84) Deagnated States (regional): ARIPO patent (GH, GM, 
KE. LS, MW, MZ SD, SL, SZ TZ, UG, ZM, ZW), 
Eurasian patent (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM), 
[Continued on next page] 



m (54) Title: APPARATUSFORRADIALLYEXPANDING TUBULAR MEMBERS mCLUDINGASEGMENTEDEXPANSION 



o 




(57) Abstract: An apparatus for radially expanding tubular 
members including a segmented expansion cone. 



IW3DOC1D- <WO___03016669A3J_> 



_ wo 2003/016669 A3 IMMIimMliMIMIIM 



European patent (AT, BE, BG, CH CY C7 np tm^ ijc ^ 

Declaration under Rule 4.17: ''"^ nvo-feaer ^rfter abbreviations, refer to the "Guid 

with international search report 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US02/24399 


"a. classification of subject ma tier 

IPC(7) : E21B 19/16; 43/00 

USCL : 166/380,207 . 
According to International Patent Qassification OPQ or to both national classification and IPC . 


B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 166/380, 207, 209, 212, 216, 217 


Documentation searclied other dian minimum documentation to the extent that such documents are included m the fields searched 


Electronic data base consulted during the international search (name of data base and. where practicable, sean 
C. DOCUMENTS CONSIDERED TO BE RELEVANT . 


zh terms used) 


Category * 
X 

Y 

X 

Y 


Citation of document, widi indication, where appropriate, of the relevant passages 
US 4,420.866 A (MUELLER) 20 December 1983 (20.12.83). figure 1. 

US 6.085,838 A (VERCAEMER et al.) 11 July 2000 (11.07.00). figures 5-7. 


Relevant to claim No. 
1, 6, 8. 11. 13 

4 

8 

4 


1 1 Furtlie 


r documents are listed in the continuation of Box C. CH See patent family annex. 


r-. : , .. ■ ■ .,. -T- later document published alter the intemanonal liimg uaie oi pi jui u> 

Special categories otciteoaocumems. daB and not in conflict with the application but cited to understand the 
-A- docuinem defining the geiisral I ate of the ai< which not considered to be principle or theory underlying the invention 

of particular relevance document of particular relevance; the claimed invention cannot be 
-E- earlier application or patem published on or afterihe i.««Ba.ional filing date ^"^do^m SX'^oT'*'"' " '"""'^ 

•L- «to=«»»°»««ch™y throw doubtsonprw^^^ documem of particular relevance; the cbimed invention cannot be 
establish the publicanon date of another citatujn or other special reason las Y to hw^an invenUve step when the docutnem is 
speof'^S) combined with one or more other such documeas, such iMnd>ioation 
-0" document referring to an oral disclosure, use. exhibiUon or other means beingobviousto.peBonskUledlnthe.it 
■P- document published prior to the imemadonal ruing date but later lhan the document member of the same pMem fiunily 


Date of the actual completion of the international search 
24 September 2002 (24.09.2002) 


Date of mailing of ^^"^^^g^^^^" 


Name and mailing address of the ISA/US 
Commissioner of Pments and Trademarks 
Box PCX 

Wa^iington, D.C. 20231 
Facsimile No. (703)305-3230 ^ 


Telephone No. a03) 308-1113 



Form PCT/ISA/210 (second sheet) (July 1998) 



NSDOCID: <WO___03016669A3J_> 



THIS PAGE BLANK (usPTO) 



02, mreRNATIONAl. APPUCATON PUBLISHED UNDER THE PATCNT COOPERATION TREATY 0^, 

IlilMllilllllllllMMMMiniHnil 



(19) World Intellectual Property 
Organization 

Internationa] Bureau 

(43) International Publication Date 
27 February 2003 (27.02:^003) 



PCX 



(10) International Publication Nunaber 

WO 2003/016669 A3 



(51) InternaUonal Patent Classiiication': E21B 19/16, 
43/00 

(21) Intemaaonal Application Number: 

^- ^ PCT/US2002/024399 

(2Z) International Filing Date: 1 August 2002 (01.08.2002) 



(25) FiUng Language: 

(26) PubUcation Language: 



English 
English 



20 August 200 1 (20.08.2001 ) US 



(30) Priority Data: 

60/313,453 

(71) AppUcant {for all designated Slates except US): EVEN- 
TURE GLOBAL TECHNOLOGY [US/US]; 16200 A 
Park Row, Houston, TX 77084 (US). 

1 (72) Inventors; and 

■ (75) Inventors/AppDcants (for US only): WATSON, Brock, 



Wayne [US/US]; 2535 Marsh Lane #1004, Carrollton, 
TX 75006 (US). RING, Lev [RU/US]; 14126 Heatheihill 
Place, Houston, TX 77077 (US). BRISCO, David, Paul 
[US/US]; 405 Westridge Drive, Duncan, OK 73533 (US). 

(74) Agents: MATTINGLY, Todd et al.; Haynes and Boone, 
LLP, Suite 4300, 1000 Louisiana Su-eet, Houston, TX 
77002-5012 (US). 

(81) Desagnated States (national): AE, AG, AL, AM, AT, AU, 
AZ BA BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ' DE DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK LR LS, LT, LU. LV, MA, MD, MG, MK, MN, MW, 
MX MZ NO, NZ, PL, FT, RO, RU, SD, SE, SG, SL SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU. ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD. RU, TJ, TM), 
[Continued on next page] 



B (54) Title: APPARATUS FOR RADIALLY EXPANDING TUBULAR MEMBERS INCLUDING A SEGMENTED EXPANSION 



OS 



o 




(57) Abstract: An apparatus for radially expanding tubular 
members including a segmented expansion cone. 



»!SDOCI[>- <vra__03016669A3_IA> 



wo 2003/016669 A3 



illitiiMWiiiiiiiiiiiMiMmiiimniim 



European patent (AT, BE, BG, CH, CY. CZ DE DK FF 
ES H. ^, GB, GR. m. IT. LU. 'm£ S, sk' 
?S' ^ IT^' ^' CI. CM. GA. GN GQ 

GW, ML, MR, NE, SN. TD, TG). 

Declaration under RuJe 4.17: 

— ofim-emorship (Rule 4.17(iv)) for US only 

Published: 

with international search report 



with amended claims 

(88) Date of pubUcation of the international search report: 
10 June 2004 

Date of publication of the amended clahns: 26 August 2004 

For two-lener codes and other abbreviaiions. refer to the 'Guid- 
once Notes on Codes arui Abbreviations " appearing at the begin- 
nmg of each regular issue of the PCT Gazette. 



5DOaD: <WO___03016669A3JA> 



PCT/US2002/024399 

WO 2003/016669 

AMENDED CLAIMS 
[receivedby the Inten^tioi^lBureau on 19 AprU 2004(19^^^^^^^ 
new claims 22-45 added; remaining claims imchanged (6 pages)J 

^ conical «q>ansion cone segments interleaved among liie lon^dinal slots; 
and 

an acniator for adjusting liie tabular adjustable expansion cone, comprisiDg: 
afixsttubular member coupled u. flie adjustable tabular expansion cone defining a plurality of first 
radialpassage and con?«is3ngaplm^ty of intstnal flanges iate^^^ 



asecondtubular member received vifhinti« first tabular member defem^^ 

passages interleaved ambngflie first radial passages and conq>rising a plurality of external 
flanges int^leavedamong&e first and secondradial passages and tJu^inteiudfl^^^^^ 

atubular expansion cone co,^ledtoft,eseco,>d1nbalBrmm.berfbrT^^ 
adjustable expansicm cone. 

20 Amethodofpla5ticallydeformingandradiallyeiq,andingatubularmenaber.comprising^ 
posiaoninganadjustabletubularexpansionconewithintbetuMarmember.and 
increasingthe size of adjustable tubular e^T^sioo co»ev^1hk 



positioning a tubular segmented ^m^\on cone vnfliin fte tubular member, 

poBMoningatubulare>:pansion cone within the mbularmembcr. and 

displacing the tubular expansion cone relative 1» the tubular segmented expansion cone. 



means for positioning an adjustable tubular expansion cone within the tubular member; and 
mean* for increasingthe size oftheacyustabletubular expansion cone withm 



for positioning a tubular segmented e^ansion cone within the tubular member; 
IS for positioning a tubular expansion cone within the tubular member, and 
IS for displadng the tiibular expansion cone relative to the tubular segmenlsd expansioi 



22. An appai^ for fbnning a wetlbore casing within a wellbore wito a suW«^ 
a tubular support member; 

an adjustabi e expansion device coupled to liK tubular support member, 

an acmator coupled to the tubular support member adjusting fl« ciirumf^ 

segmented outer surfece of the adjustable expansion device; 
an expandable tubular memlH^ooupledto file tubular support member defh^ 
^ivins«ietubularsupportmember.iheadjustBbleexpansiondevice,and1heactua^^^ 

cme or more sealing members for sealing the interfece between the tubular s^^^ 

and the expandable tubular member. 
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23. Tie ^pa^ ^fcUim 22. ,*erefa ^ ,dj«able ^panslon device comprises- 

a «b»lar body defining . of longindtaal slots and con^fag a pluraHn, of in«n«l 

am^.expansionsegmen.simerieaved.„K«ga>elo,«iaKitoaIslots. P'^ofmBn^l 

24. The apparate of data 22. therein lie actoa»r comprises: 

"«^•"'''^'«"'«~«>WtotoM»Ia^s^pportmemI«^defioi„gapM5^ 
...passage andco:np*.gap,n^,,ofi«^^^„,^^^^^J^ 

--°"^«Wa,,nen>ber,eceived«jMnfl«fcs.,„Wa,,nemtedetogap,^of 
~a.passages.«.a,edam^.,„a«:^pass.gesa„dcompristagM:C^^^ 
ex^ta,es.«rieavedan.ngftete,=.dseco«.^aipassagesand.ieinJa,fl^^^ 

ad.ns.a.rerirar^""""^"**"-"^"'^'-^"^™^^ 
25. Amed^doffo^n-gawem.^ easing wi.Moa„el^„„M^asnb»„^ft^^ 

inceasing fl,e circumftrenaal size of a segment omersmftc. of fte ^ijnsable expansion 
device wBimaee^andable tubular member; and J>^BexpanSK« 

positioning a segmented expansion device within the expandable tubular member 
positioning an expansion device within the expandable tubular member and 
dxsplacmg &e e^ansion device relative to the segmented expansion device. 

27.Anappai3tusfo^r^,3^^^^ 

wi^thlX^"""^"^--^"^ 

means for increasing circumferential Size ofasegmented outer surfece Of th^ 



for positioning a segmented expansion device within the expandable tubular member 
for posrtioning an e,q,ansion device wiftin the expandable tubular member; and 
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means for displacing the expansion device relative to the segmented expansion device. 

29. An adjustable expansion device for plastically deforming and radiaUy expanding a tubular member. 

congjrising: 

an adjustable tabular esqjansion device; and 

an actuator for adjusting flie tabular adjustable tubular e3g>ansion device. 

30. me adjustable expansion device of claim 29. A^erein the adjustable tubular expansion device comprises: 

a tubular body defining a plurality of longitudinal slots and comprising a plurality of mtemal 
arcuate expansion segments interleaved among the longitudinal slots. • 

31 TTie adjustable expansion device ofclaim 29, wherein the actuator comprises: 

a first tubular member coupled to the adjustable expansion device defining a plurality of first 
radial passage and comprising a plurality of internal flanges interleaved among tbe first radial passages; 

a second tubular member received within the first tubular member defining a 
pluraliQ. of secondradial passages interleaved among the first radial passages and comprising a 
plurality of external flanges interleaved among the first and second radial passages and the internal 
flanges; and 

an expansion device to the second tubular member for radially expanding the tubular 
adjustable expansion device. 

32. A method of plastically deforming and radiaUy expanding a tubular member, comprising: 

positioning an adjustable expansion device ^^^thin the tubular member, and 
increasing circumferential size of a segmented outer surfece of the adjustable expansion 
device wthin the expandable tubular member. 

33. Ihe method of claim 32, wherein increasing the size of the adjustable expansion device within the tubular 

member comprises: 

positioning a segmented expansion device within the tubular member, 
positioning an expansion device within the tubular member, and 
displacing the expansion device relative to the segmented expansion device. 

34 An apparams for plastically deforming and radially expandmg a tubular member, comprising: 

means for positioning an adjustable expansion device within the tubular member, and 
means for increasing the circumferential size of a segmented outer surface of the adjustable 
expansion device within the expandable tubular member. 

35. •n.e apparatus of clahn 34. wherein the means for increasing the size of tbe adjustable expansion device 
wiAin the tubular member comprises: 
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means for positioning a segmented expansion device within tbe tubular member. 

means for positioning an expansion device within the tubular member and 

means for displacing the expansion device relative to the segmented e^ansion device. . 

36. An appara^ for fo^i^gawelW casing wititinawellborewithinasubtenaneanfo™^^^ 
a tubular support member; 

an adjustable expansion device coupled to the mbular support member, comprising- 
a body defining a plurality of longitudinal slots and comprising a plurality of internal 
expansion segments interleaved among lie longitudinal slots; 

an actuator coupled to the tubular support member for adjusting fee size of the adjustable 

expansion device, comprising: 

tet raM passage c„,^ri.ing ftag« fa«.,e.v«i =:„„„gfc. 



a second mbular member received wjlhin the fta mbular member deflnmg a plurality „f 

^ond radial passages it,terleaved a»„„g the radial passages and cooking aplurality of 

flanges interleaved amo,.gfte firs, and second radial passages and the inte^ 

'"^^'-i-'i'vicecot^led.otieseo.mdmbnlarn.embaTforradiallyexpandingthe 
adjustable ejqjansion device; 

a shoe releasably coupled to the adjustable expansion device; 

^^'^^dabletubularmembercoupledtotheshoedefiningllongitudinalpassagefor 
receiving the tubular support member, the adjustable expansion device, and the actuator and 

andth """^"'"^^'^''^'^'''''^^'^'^^^^^ 
and the ejcpandable tubular member. 

37. AmethodotfcnningaweHbo.. casing «iUnna„e,Jbor.»iannasub^eanfo,^t,on,compr^ 

P<»«i«i^=««9»mdabletubutormemberandanadjus«tbleexp^^^ 
wellDore; 

. -'^^"gthesizeoftheadjustableexpansiondevicewithinthee.^^^^ 
comprising: ' 

positioning a segmented expansion device within the expandable tubular member 

displacing the expansion device relative to the' segmented expansion device- and 
plastically defoi^ning and radially expanding tiie expandable tubular member using the 
adjustable ejqjansion device. 

38. AnapparamsfeS^gawelftore casing withinawenbrn^withinasubtenaneanfo^^^ 

means fbrposittoning an expandable mbularmember and an adjustable «^c», device 
Within the wellbore; 
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means for increasing the size of the adjustable expansion device within the es^andable tubular 

member, comprising: 

means for positioning a segmented expansion device -within the ejqjandable tubular member, 
means for positioning an expansion device wathin the expandable tubular member; and 
means for displacing the expansion device relative to the segmented expansion device; and 
means for plastically deforming and radially expanding the expandable tubular member using 
&e adjustable expansion device. 

39. An adjustable expansion device for plastically deforming and radially expanding a tubular member, 
comprising: 

an adjustable tubular expansion device, comprising: 

a tubular bo(fy defining a plurality of longitudinal slots and comprising a plurality of internal 

expansion segments interleaved among the longitudinal slots; and 

an actuator for adjusting the adjustable tubular e:q)ansion device, comprising: 

a first tubular meanba- coupled to the adjustable tabular expansion device defining a plurality 

of first radial passage and comprising a plurality of internal flanges interleaved among the first radial 

passages; 

a second tubular membea- received within the first tubular member defining a plurality of 
second radial passages interleaved among the first radial passages and comprising a plurality of 
external flanges interleaved among the first and second radial passages and the internal flanges; and 

an ejq)ansion device coupled to the second tubular member for radially e3q)anding the 
adjustable tubular ejqjansion device. 

40. A method of plastically deforming and radially ejq)anding a tubular member, comprising: 

positioning an adjustable tubular e3q)ansion device within the tubular member, and 
increasing the size of the adjustable tubular ejqiansion device vrathin tie expandable tubtilar 
member, comprising: 

positioning a tubular segmented expansion device within the tubular member; 
positioning an expansion device within the tubular member; and 
displacing the e}q>ansion device relative to fte segmented expansion device. 

41. An apparatus for plastically deforming and radially expanding a tubular member, comprising: 

means for positioning an adjustable expansion device within the tubular member, and 
means for mcreasing the size of tiie adjustable e:q>aiision device within the ejqjandable tubular 
member, comprising: 

means for positioning a segmented expansion device within the tubular member; 

means for positioning an expansion device within flie tubular member; and 

means for displacing the ejqsansion device relative to tiie segmented ejqjansion device. 
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42. A mefhod of radially ejqjanding and plastically defonning a tubular member, comprising: 

positioning an adjustable expansion device within the tubular member, 
adjusting a size of the adjustable expansion device within the tubular member, and 
displacing the adjustable expansion device relative to the tubular member by pulling the 
adjustable expansion device through the tubular member using fluid pressure. 

43. A system for radially e:q)anding and plastically deforming a" tubular member, comprising: 

means for positioning an adjustable expansion de^'ice within the tubulm- member; 
means for adjusting a size of the adjustable ejipansion device within the tubular member, and 
means for displacmg die adjustable ejqjansion device relative to die tubular member by 
pullmg the adjustable expansion device through the tubular member using fluid pressure. 

44. A method of radially expanding and plastically deforming a tubular member, comprising: 

positioning an expaoaon device within the tubular member, and 
displacing the escpansion device relative to the tubular member pulling die expansion 
device through the tubular member using fluid pressure. 

45. A system for radially ejqjanding and plastically deforming a tubular member, comprising: 

means for positicming an expansion device within Ihe tubular member, and 
means for displacing the ejq)ansion device relative to the tubular member by pulling the 
ejqjansion device through the tubular member using fluid pressure. 
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